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,QWURGXFWLRQ
1.1 Problem Statement  

5HTXLUHPHQWV GHILQLWLRQ DQG TXDOLW\ KDYH KLVWRULFDOO\ EHHQ SUREOHPDWLF DUHDV ZLWKLQ WKH V\VWHPV HQJLQHHULQJ
SURFHVV DQG WKHUH LV DPSOH UHVHDUFK LQGLFDWLQJ WKDW HUURUV JDSV DQG DPELJXLWLHV LQ UHTXLUHPHQWV FRQWULEXWH WR
V\VWHPGHILFLHQFLHVLQFRPSOHWHV\VWHPWHVWSODQVDQGXQVDWLVIDFWRU\V\VWHPSHUIRUPDQFH5HFHQWWHFKQLFDOMRXUQDO
OLWHUDWXUH LV UHSOHWH ZLWK GLVFXVVLRQ GHVFULELQJ WKH QHHG IRU EHWWHU QDWXUDO ODQJXDJH UHTXLUHPHQWV TXDOLW\
DWWULEXWHV,QDGGLWLRQDOLWDQ\RI*RYHUQPHQW$FFRXQWDELOLW\2IILFH*$2UHSRUWVKDYHEHHQZULWWHQKLJKOLJKWLQJ
WKHSUHSRQGHUDQFHRISRRU UHTXLUHPHQWVGHYHORSPHQW DQGPDQDJHPHQW LQJRYHUQPHQW DFTXLVLWLRQSURJUDPV DQG
PRUHRYHUWKLVKDVEHHQVXFKDVLJQLILFDQWLVVXHWKDWWKH:HDSRQ6\VWHPV$FTXLVLWLRQ5HIRUP$FWH[SOLFLWO\
UHTXLUHV WKH 'HSDUWPHQW RI 'HIHQVH 'R' WR DGGUHVV DQG LPSURYH LWV SHUIRUPDQFH UHTXLUHPHQWV  'HVSLWH WKH
ZLGHVSUHDG DFNQRZOHGJHPHQW WKDW SRRU UHTXLUHPHQWV TXDOLW\ OHDGV WR ³GRZQVWUHDP´ LVVXHV ZLWK GHIHFWV DQG
SHUIRUPDQFHWKHSUREOHPUHPDLQV

7KLVSUREOHPKRZHYHUFRXOGEHEHWWHUPDQDJHG LI WKHUHZHUHDPHDQV WRSUHGLFW WKHSUREDELOLW\RIVXFFHVVIXO
HQGV\VWHPRSHUDWLRQDOSHUIRUPDQFHIROORZLQJUHTXLUHPHQWVGHYHORSPHQW 7KLVZRXOGHQDEOHTXLFNLGHQWLILFDWLRQ
RIGHILFLHQWUHTXLUHPHQWVQHHGLQJUHPHG\EDVHGRQWKHLUDGYHUVHLPSDFWRQSHUIRUPDQFH$VVXFKWKHIRFXVRIWKLV
UHVHDUFK LV WR DGGUHVV WKH K\SRWKHVLV WKDW HQGV\VWHP RSHUDWLRQDO SHUIRUPDQFH FDQ EH GHWHUPLQHG WKURXJK XVH RI
SUHGLFWLYHPRGHOLQJEDVHGRQUHTXLUHPHQWVTXDOLW\IDFWRUV:KLOHWKHFRQWHPSRUDU\OLWHUDWXUHSUHVHQWVKHDGWRKHDG
FRPSDULVRQVRI FRPSHWLQJ WRROVRUSURFHVVLQJ WHFKQLTXHV IRU LPSURYHG UHTXLUHPHQWV DQDO\VLV DQGTXDOLWDWLYHO\
GLVFXVVHVUHTXLUHPHQWVTXDOLW\LPSDFWRQGHIHFWVDQGWKHHIILFDF\RIYDULRXVGHIHFWSUHGLFWLRQPHWKRGVWKHUHLV
OLPLWHGGLVFXVVLRQRQWKHLPSDFWRIUHTXLUHPHQWVTXDOLW\RQRSHUDWLRQDOSHUIRUPDQFH7KHUHVHDUFKSUHVHQWHGLQWKLV







DUH LQ SURJUHVV  7KH UHVHDUFK PHWKRGRORJ\ LQYROYHV JDWKHULQJ HPSLULFDO GDWD IURP FXUUHQW PDMRU DFTXLVLWLRQ
SURJUDPVZLWKLQ WZR8QLWHG 6WDWHV JRYHUQPHQW DJHQFLHV'R' DQG'HSDUWPHQW RI+RPHODQG 6HFXULW\ '+6 WR
VXSSRUW PRGHO GHYHORSPHQW DQG YDOLGDWLRQ  2SHUDWLRQDO 5HTXLUHPHQWV 'RFXPHQW 25' .H\ 3HUIRUPDQFH
3DUDPHWHUV.33VDQG2SHUDWLRQDO7HVW5HSRUWVIURP'R'DQG'+6VHUYHDVWKHGDWDVRXUFHVUHVSHFWLYHO\IRUWKH
V\VWHP UHTXLUHPHQWV VWDWHPHQWV DQG WKH DFFRPSDQ\LQJ RSHUDWLRQDO WHVW UHVXOWV  $ FRPPHUFLDORIIWKHVKHOI
UHTXLUHPHQWVTXDOLW\DQDO\VLVWRROLVXVHGWRGHWHUPLQHWKHOLQJXLVWLFTXDOLW\PHWULFVIRUWKHUHTXLUHPHQWVVWDWHPHQWV
7KH TXDOLW\ PHWULFV IRU WKH UHTXLUHPHQWV VWDWHPHQWV DQG WKH DVVRFLDWHG RSHUDWLRQDO WHVW UHVXOWV DUH WKHQ XVHG WR
FRQVWUXFW WKHPRGHO )ROORZLQJPRGHO FRQVWUXFWLRQ VHQVLWLYLW\ DQDO\VLV LV SHUIRUPHG DQG FURVVYDOLGDWLRQRI WKH
GDWD LV HPSOR\HG WR FRQILUP WKH SUHGLFWLYH YDOXH RI WKHPRGHO  ,Q DOO WKH UHVXOWV DUH H[SHFWHG WR HVWDEOLVK WKDW
UHTXLUHPHQWVTXDOLW\LVLQGHHGDSUHGLFWLYHIDFWRUIRUHQGV\VWHPRSHUDWLRQDOSHUIRUPDQFH



























2.1 Model Construction and Validation 

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7KH OLQJXLVWLFTXDOLW\ IDFWRUV OLVWHGDERYHZKLOHQRWH[KDXVWLYHKDYHEHHQVHOHFWHG IRUXVH LQ WKLV UHVHDUFKVLQFH
WKH\DUHJHQHUDOO\DFFHSWHGDVFKDUDFWHULVWLFVRIJRRGUHTXLUHPHQWV

6HYHUDO PRGHOLQJ RSWLRQV VXFK DV %D\HV FODVVLILHU ORJLVWLF UHJUHVVLRQ DQG VXSSRUW YHFWRU PDFKLQH PD\ EH
FRQVLGHUHGIRUGHYHORSPHQWRIWKHSUHGLFWLYHPRGHOLQWKLVLQYHVWLJDWLRQ *LYHQWKHUHTXLUHPHQWVOLQJXLVWLF
TXDOLW\IDFWRUGDWDOLVWHGDERYHDUHFDWHJRULFDODQGVHUYHDVLQGHSHQGHQWRUH[SODQDWRU\YDULDEOHVIRUWKHPRGHODQG





GDWD VRXUFHV IRU WKLV UHVHDUFK 2YHU NH\ SHUIRUPDQFH SDUDPHWHU UHTXLUHPHQWV VWDWHPHQWV DQG WKH DVVRFLDWHG
RSHUDWLRQDOWHVWUHVXOWVDUHXVHGIRUPRGHOFUHDWLRQ7KHVHUHTXLUHPHQWVVWDWHPHQWVDUHLPSRUWHGLQWRDQDXWRPDWHG
UHTXLUHPHQWVDQDO\VLVWRROWRFDOFXODWHWKHOLQJXLVWLFTXDOLW\PHWULFVIRUHDFKVWDWHPHQW,QDGGLWLRQWKHRSHUDWLRQDO
WHVW UHSRUWV DVVRFLDWHG ZLWK HDFK 25' DUH UHYLHZHG WR GHWHUPLQH LI SHUIRUPDQFH ZDV PHW IRU HDFK RI WKH NH\















2.2 Analysis Tools 

5HTXLUHPHQWV DQDO\VLV FDQ EH DFFRPSOLVKHG WKURXJK H[SHUW MXGJPHQW WHFKQLTXHV VXFK DV &DVH%DVHG
5HDVRQLQJRUXVHRIDXWRPDWHGDQDO\VLV WRROV $FFRUGLQJ WRDUHFHQWHPSLULFDO VWXG\FRPSOHWHGE\/DPL
DXWRPDWHGUHTXLUHPHQWVDQDO\VLVWRROVFDQEHPRUHHIIHFWLYHWKDQKXPDQUHYLHZVIRUILQGLQJGHIHFWLYHUHTXLUHPHQWV
$V VXFK WKH UHVHDUFK SUHVHQWHG LQ WKLV SDSHU XWLOL]HV DQ DXWRPDWHG WRRO WR GHWHUPLQH OLQJXLVWLF TXDOLW\ PHWULFV
$OWKRXJKWKHUHDUHQXPHURXVFRPPHUFLDOO\DYDLODEOHUHTXLUHPHQWVDQDO\VLVWRROVVXFKDVWKH4XDOLW\$QDO\]HUIRU
5HTXLUHPHQW 6SHFLILFDWLRQV 5HTXLUHPHQWV 4XDOLW\ $QDO\]HU DQG 7LJHU3UR WKH &DVV%HWK 6SHFLILFDWLRQ $QDO\VLV
7RROZDVVHOHFWHGIRUXVHLQWKLVUHVHDUFKJLYHQLWVVLPSOHXVHULQWHUIDFHPLQLPDOFRPSXWHUUHVRXUFHUHTXLUHPHQWV
DQGDGMXVWDEOHDQDO\VLVSDUDPHWHUV&DVV%HWKSURYLGHVDQDXWRPDWHGPHWKRGWRUHYLHZUHTXLUHPHQWVVSHFLILFDWLRQV
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7KH UHVHDUFK GLVFXVVHG LQ WKLV SDSHU XVHV WKH &DVV%HWK WRRO¶V 5HTXLUHPHQW 7H[W $QDO\VLV VHUYLFH WR DVVHVV




LI DQ\ LQ HDFK NH\ SHUIRUPDQFHSDUDPHWHU VWDWHPHQW  7KHVH UHVXOWV DUH ELQDU\ HDFK TXDOLW\PHWULF DPELJXRXV


































7KH GDWD DQDO\VLV IRU WKLV UHVHDUFK LV IDFLOLWDWHG WKURXJK XVH RI WKH0LQLWDE VWDWLVWLFDO VRIWZDUH WRRO DQG WKH
0$7/$%KLJKOHYHOODQJXDJHDQGLQWHUDFWLYHHQYLURQPHQW5HTXLUHPHQWVOLQJXLVWLFTXDOLW\PHWULFVGHWHUPLQHGE\
WKH &DVV%HWK 6SHFLILFDWLRQ $QDO\VLV 7RRO DUH LQSXW LQWR 0LQLWDE IRU VWDWLVWLFDO DQDO\VLV  6SHFLILFDOO\ 0LQLWDE





SHUIRUPDQFHPRGHOLQJ KHQFH DQDO\VLV DQG UHVXOWV DUH LQ SURJUHVV  +RZHYHU WKH SUHOLPLQDU\ REVHUYDWLRQV DQG
H[SHFWHGFRQFOXVLRQVIURPWKLVUHVHDUFKDUHSUHVHQWHGLQWKHIROORZLQJSDUDJUDSKV
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3.1 Preliminary Observations 









3.2 Expected Conclusions 

































&RQGXFW RI WKH IXWXUH UHVHDUFK GHVFULEHG LQ WKLV VHFWLRQ ZLOO HQKDQFH PRGHO YDOLGLW\ DQG SURYLGH DGGLWLRQDO
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